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(54) Modular wireless diagnostic, test, and information system 



(57) A computer-based apparatus provides access 
to complex technical information needed, for example, 
to maintain and repair complicated equipment, such as 
a motor vehicle. The apparatus includes a combined 
user interface and main control module (12) to commu- 
nicate with at least one remotely operated instrumenta- 
tion module (14, 16) to control and obtain data by 
wireless communication. The combined user interface 
and main control module (12) has an interactive display 
(18) which enables the user to command the functions 
of the remotely deployed instrumentation module(s) and 



enter data through interaction with the display (18), as 
well as executes diagnostic application programs and 
displays information to the user. Alternatively, a sepa- 
rate user interface module (52) and main control mod- 
ule (54) connected by wireless communication can be 
provided, in which the user interface module not only 
commands the functions of the instrumentation mod- 
ule^) (14, 16), but also commands remote execution of 
diagnostic application programs by the main control 
module (12). 
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Description 

Background of the Invention 



The present invention relates in general to test 5 
equipment and, more particularly, to diagnostic, test, 
and information systems. Specifically, one embodiment 
of the invention is directed to a modular wireless diag- 
nostic, test, and information system comprising a com- 
bined user interface and main control module and at 10 
least one remotely controlled instrumentation module 
connected by wireless communication. The combined 
user interface and main control module has an interac- 
tive display which enables the user to command the 
functions of the remotely deployed instrumentation is 
module(s) and enter data through interaction with the 
display, as well as executes application programs and 
displays information to the user. For example, one 
embodiment of the invention provides a combined user 
interface and main control module having an interactive 20 
display, in which the user interacts with the display to 
access complex technical information employed to 
maintain and repair a motor vehicle and to control the 
instrumentation module(s) over a wireless communica- 
tion link in the form of a radio-frequency (RF) local area 25 
network (LAN) to perform measurements on the vehi- 
cle, as well as to execute diagnostic routines and to dis- 
play information to the user. Such a modular wireless 
motor vehicle diagnostic, test, and instrumentation sys- 
tem is particularly useful to provide information about a 30 
motor vehicle and vehicle diagnostics to the user during 
maintenance or repair of the vehicle. 

Although the modular wireless diagnostic, test, and 
information system in accordance with the invention is 
susceptible to being used in various applications, it has 35 
been found to be particularly advantageous for use in 
the maintenance and repair of motor vehicles. There- 
fore, an embodiment of the modular wireless diagnostic, 
test, and information system in accordance with the 
invention will be described in connection with service of 40 
a motor vehicle. However, it is to be understood that the 
invention is not limited to motor vehicle maintenance 
and repair and may also be applicable to non-motor- 
vehicle applications. 

Today, there are various handheld testers used in 45 
connection with the maintenance and repair of motor 
vehicles. Typically, these testers comprise cables 
attached to a microprocessor-based handheld device. 
The cables, for example, include a cable that connects 
to the motor vehicle battery and another cable that con- so 
nects to an electrical system or component of the motor 
vehicle to measure voltage and current, as well as a 
data cable that connects to the engine control module to 
transmit information about operation of the vehicle to 
the handheld tester or to enable the tester to control var- ss 
ious motor vehicle functions. See, for example, Tech 1, 
"Cartridges and Accessories," September, 1989. 

Unfortunately, the cables connected to the motor 
vehicle are typically heavy and stiff. Consequently, the 



handheld tester is unwieldy to operate, which is incon- 
venient for the user. Furthermore, the display screen on 
the handheld tester is typically small, and, therefore, 
only a minimal amount of information can be displayed 
to the user. 

Regarding the display of information to the user, the 
trend in the motor vehicle service bay is toward greater 
access to information relating to maintenance and 
repair. This trend requires the user to have a larger dis- 
play screen incorporated into his or her test equipment 
and many connections to the motor vehicle, as well as 
to a dealership local area network (LAN). 

Historically, motor vehicle manufacturers have pro- 
vided printed information regarding maintenance and 
repair. As a service to motor vehicle maintenance and 
repair personnel, the manufacturers provided published 
information, such as manuals, for reference during 
maintenance and repair of motor vehicles. However, 
published information requires a large amount of stor- 
age space. 

More recently, motor vehicle manufacturers have 
provided maintenance and repair information on micro- 
fiche which is periodically updated. Although microfiche 
reduces storage requirements, microfiche can be mis- 
filed, and microfiche readers are cumbersome to use. 

Today, various computer-based systems exist for 
providing motor vehicle maintenance and repair infor- 
mation. Some of these computer-based systems also 
comprise instruments to perform measurements in con- 
nection with motor vehicle evaluation and diagnosis. For 
example, one such computer-based system is the 
Model HP 27070B ("TestBook"), available from Hewlett- 
Packard Company. Palo Alto, California. See, "HP Test- 
Book," Hewlett-Packard Company Part No. 5091- 
9697E. September, 1993. 

The TestBook system is a portable integrated per- 
sonal computer and test system that provides a com- 
pact mobile test and information tool for use in the motor 
vehicle service bay or on a road test. The TestBook sys- 
tem comprises a 486-microprocessor-based personal 
computer, an integrated adjustable VGA liquid crystal 
display (LCD) panel and touchscreen interactive user 
interface having a capacitive touch-activated screen, 
and a built-in CD-ROM drive to provide faster and easier 
access to the latest service procedures and information 
for maintenance and repair of a motor vehicle. Built-in 
measurement instrumentation and a programmable 
communications interface offer a test capability for com- 
puter-aided diagnostic applications. The TestBook sys- 
tem can be custom-configured to meet various MS- 
DOS, Windows, or OS/2 application requirements. 

While the TestBook system provides ready access 
to a large amount of information needed for mainte- 
nance and repair of a motor vehicle, cables that connect 
to the vehicle must be attached to the measurement 
instrumentation integrated into the system. Conse- 
quently, as in the case of handheld testers, the Test- 
Book system is unwieldy and is typically set on a work 
surface, such as a workbench or tool chest, during use. 
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Therefore, the user does not have ready access to the 
integrated interactive display of the TestBook system 
while he or she is under the hood of the motor vehicle. 

Additionally, a test and information tool for mainte- 
nance and repair of a motor vehicle, which has a selec- 
tively detachable, remotely operated interactive display 
unit that controls a portable integrated personal compu- 
ter and test system is disclosed in co-pending U.S. Pat- 
ent Application Series Code/Serial No. 08/421 ,591 , filed 
on April 12, 1995, and assigned to the same assignee 
as the present application. This motor vehicle test and 
information tool provides greater user mobility than the 
TestBook system, because the display unit is not 
encumbered by being integrated with the personal com- 
puter having the additional weight of measurement 
instrumentation tethered by cables connected to electri- 
cal systems and components, as well as the engine 
control module, of the motor vehicle. 

However, the measurement instrumentation is inte- 
grated with the personal computer, which requires a 
specially designed housing to accommodate both the 
personal computer and measurement instrumentation. 
The integrated personal computer and measurement 
instrumentation must also meet environmental and 
safety requirements relating to test equipment used in a 
motor vehicle service bay. 

It is therefore desirable to provide a system to facil- 
itate access to information by a user during mainte- 
nance and repair of a motor vehicle. Additionally, it 
would be desirable to enable the user to control the dis- 
play of information about maintenance and repair of a 
motor vehicle and perform needed measurements, as 
well as display information to the user, while he or she is 
under the hood of the vehicle. It would be further desir- 
able to have an interactive information display and con- 
trol system that is not encumbered by cables connected 
to the motor vehicle. Also, it would be desirable to have 
a diagnostic, test, and information system that is easily 
scalable by the selection of any desired amount of 
measurement instrumentation. Furthermore, it would be 
desirable to provide a diagnostic, test, and information 
system which minimizes both the number of specially 
designed components and the number of components 
subjected to the harsh environment and safety require- 
ments for equipment used in a motor vehicle service 
bay. 

Summary of the Invention 

One embodiment of the invention provides a modu- 
lar wireless diagnostic, test, and information system that 
comprises wireless networked modules. The wireless 
networked modules include means comprising a com- 
bined user interface and main control module that pro- 
vides information to a user. The wireless networked 
modules also include at least one remotely operated 
instrumentation module to perform various measure- 
ments and/or provide data under command of the user 
interface and main control module. In another embodi- 



ment, there is a user interface module and a separate 
main control module, and the user interface module 
commands the remotely operated main control module 
to execute diagnostic routines and displays information 

5 provided by the main control module to the user by wire- 
less communication. Although the modular wireless 
diagnostic, test, and information system having the user 
interface and combined or separate main control mod- 
ule and remotely operated measurement instrumenta- 

10 tion modules can be used for maintenance and repair of 
a given type of complex equipment, such as a motor 
vehicle, it is also contemplated that the system in 
accordance with the invention can be generalized to 
access information and command functions by wireless 

■is communication, as well as display information, neces- 
sary to assist other service providers (such as equip- 
ment operators, doctors, and others) in providing 
services. 

In accordance with one embodiment of the irrven- 

20 tion, the combined user interface and main control mod- 
ule provides information and can perform other 
functions, for example, execute a motor vehicle mainte- 
nance and repair application program that accesses 
motor vehicle maintenance and repair information. The 

25 remotely operated instrumentation modules preferably 
comprise instruments, such as a digital volt-ohm meter 
(DVOM) module connected to a motor vehicle, for per- 
forming measurements. The instrumentation modules 
also comprise a vehicle communication interface (VCI) . 

30 instrumentation module connected to the engine control 
module of a motor vehicle. The unique attribute of this 
embodiment of the invention is that the combined user 
interface and main control module is provided with an 
interactive display that commands the remotely oper- 

35 ated instrumentation module(s) over a wireless commu- 
nication link, for example, a radio-frequency (RF) local 
area network (LAN), as well as to display information to 
the user. 

In accordance with another embodiment of the 

40 invention, the user interface module is a separate hand- 
held, lightweight module having an integrated user input 
digitizer, such as a touchscreen or pen interface. The 
user interface module communicates with a separate 
remotely operated main control module by wireless 

45 communication. The main control module has mass 
storage devices that provide volumes of information 
stored for communication to the user interface module. 
The main control module executes diagnostic routines 
and transmits diagnostics and information about a 

so motor vehicle under evaluation or repair to the user 
interface module. Therefore, the user interface module 
having the interactive display is remotely operated with 
respect to the main control module so that the user has 
greater mobility. If the user interface module were not a 

55 separate remotely operated module, the user would be 
required to carry the additional weight of the mass stor- 
age devices integrated into the main control module. 
Additionally, the remotely operated instrumentation 
module(s) are connected to both the user interface 
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module and the main control module by wireless com- 
munication and are not tethered to either the user inter- 
face module or the main control module by cables. All 
connections to the motor vehicle are to the instrumenta- 
tion modules(s) to provide electrical isolation. Also, the 5 
main control module can be a commercially available 
personal computer system located in an office environ- 
ment and does not require customization for integration 
of measurement instrumentation or need to be config- 
ured to withstand the harsh environment of a motor 10 
vehicle service bay. 

The only required user interface to operate the 
combined or separate user interface module and the 
main control module is through the interactive display. 
With this user interface module configuration, the user 15 
has full mobility to work in and around a motor vehicle 
without having to manage numerous cables. Also, the 
combined or separate user interface module can be 
provided with a tilt stand and/or hanger selectively 
secured to the user interface module so that the user 20 
interface module can be set on or hung from the hood or 
other features of a motor vehicle. This frees the hands 
of the user to perform other tasks. 

Brief Description of the Drawings 25 

The above and other objects and features and the 
concomitant advantages of the present invention will be 
better understood and appreciated by those skilled in 
the art in view of the description of the preferred embod- 30 
imerrts given below in conjunction with the accompany- 
ing drawings. In the drawings: 

Fig. 1 is a block diagram of one embodiment of the 
modular wireless diagnostic, test, and information 35 
system comprising a combined user interface and 
main control module and at least one remotely 
operated instrumentation module connected by 
wireless communication in accordance with the 

AT) 

invention; 

Fig. 2 is an isometric view of one exemplary imple- 
mentation of the combined user interface and main 
control module included in the system shown in Fig. 
1; 

Fig. 3 is a block diagram of an instrumentation mod- 45 
ule included in the system shown in Fig. 1 ; 
Fig. 4 is an isometric view of one exemplary imple- 
mentation of a vehicle communication interface 
(VCI) instrumentation module included in the sys- 
tem shown in Fig. 1 ; 50 
Fig. 5 is an isometric view of one exemplary imple- 
mentation of a digital volt-ohm meter (DVOM) 
instrumentation module included in the system 
shown in Fig. 1 ; 

Fig. 6 illustrates an exemplary deployment of the si 
system shown in Fig. 1 ; 

Fig. 7 is a block diagram of the modular wireless 
diagnostic, test, and information system shown in 
Fig. 1 further comprising an additional remotely 



operated instrumentation module consisting of an 
interface module and engine analyzer; 
Fig. 8 is a block diagram of the modular wireless 
diagnostic, test, and information system shown in 
Fig. 1 or 7 further comprising a wireless-to-wired 
local area network (LAN) access system; 
Fig. 9 is a block diagram of another embodiment of 
the modular wireless diagnostic, test, and informa- 
tion system comprising a separate user interface 
module, a separate remotely operated main control 
module, and at least one remotely operated instru- 
mentation module connected by wireless communi- 
cation in accordance with the invention; 
Fig. 10 shows one implementation of the separate 
user interface module and the separate main con- 
trol module of the system shown in Fig. 9; 
Fig. 1 1 illustrates an exemplary deployment of the 
system shown in Fig. 9; and 
Fig. 12 shows an alternative implementation of the 
separate user interface module of the system 
shown in Fig. 9. 

Detailed Description of the Preferred Embodiments 

One embodiment of the modular wireless diagnos- 
tic, test, and information system in accordance with the 
invention, generally indicated by the numeral 10, is 
shown in Fig. 1 . The system 10 comprises means in the 
form of a combined user interface and main control 
module 12. The system 10 also comprises at least one 
instrumentation module deployed remotely with respect 
to the combined user interface and main control module 
12, for example, a vehicle communication interface 
(VCI) instrumentation module 14. As shown in Fig. 1, 
the system 10 also preferably comprises a digital volt- 
ohm meter (DVOM) instrumentation module 16. As 
shown in Fig. 1, the combined user interface and main 
control module 12 and the VCI and DVOM instrumenta- 
tion modules 1 4 and 1 6 are connected by wireless com- 
munication. 

As shown in Figs. 1 and 2, the combined user inter- 
face and main control module 12 is an intelligent sub- 
system comprising its own on-board personal computer 
system. The combined user interface and main control 
module 12 is the user interface to the system 10. The 
combined user interface and main control module 12 
provides the user with any or all visual, audible, and/or 
tactile means by which to communicate to the remain- 
der of the system 10. The combined user interface and 
main control module 1 2 provides information to the user 
and receives commands from the user to process or 
communicate to the VCI instrumentation module 14 
and/or the DVOM instrumentation module 16 by wire- 
less communication. 

The combined user interface and main control mod- 
ule 12 can be supplied with power from a rechargeable 
internal battery power source or from an external power 
source if the internal power source develops a low bat- 
tery condition. For example, in the exemplary applica- 
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tion in which the system 10 is used for maintenance and 
repair of a motor vehicle, the combined user interface 
and main control module 12 can be connected to the 
vehicle battery (not shown). 

In one exemplary implementation, the combined 
user interface and main control module 12 can be a 
VERSA PAD battery-operated computer tablet, availa- 
ble from NEC. Alternatively, the computer tablet can be 
powered from a motor vehicle battery (not shown). 

The VERSA PAD computer tablet has an LCD 
panel 18, a pen-based user input digitizer 20, and a 
user interface device driver (UIDD) 22 to capture the 
user interface information and provide display and 
speaker information. The combined user interface and 
main control module 12 further comprises built-in PCM- 
CIA ports 24. Additionally, the combined user interface 
and main control module 12 comprises a standard 
PCMCIA radio-frequency (RF) local area network (LAN) 
card 26, available from PROXIM, inserted into one of 
the PCMCIA ports 24. The combined user interface and 
main control module 12 also comprises an RF antenna 
28. 

The software environment for the system 1 0 is pref- 
erably a windows-based software interface, such as 
Microsoft Windows 1995 (Chicago). Also, the system 10 
is capable of running MS-DOS 6/Windows 3.1 and Win- 
dows NT. 

The system 10 also comprises all instruments to 
perform measurements. As shown in Figs. 1 and 4, in 
the case of motor vehicle maintenance and repair, the 
system 10 comprises the VCI instrumentation module 
1 4 which provides a bi-directional data communications 
link between an engine control module of a motor vehi- 
cle, that is, the vehicle on-board computer, and the com- 
bined user interface and main control module 12. As 
shown in Figs. 1 and 5, the system 10 also comprises 
the DVOM instrumentation module 16 to which are con- 
nected various cables from the electrical systems or 
components of a motor vehicle for measurement of volt- 
ages and currents needed to be measured in connec- 
tion with evaluation and diagnosis of a vehicle. 

As shown in Figs. 3-5, each measurement instru- 
mentation module preferably comprises a standard data 
acquisition interface. There are preferably two instru- 
mentation modules that provide data acquisition inter- 
faces. One of the interfaces is provided by the VCI 
instrumentation module 1 4, and the other is provided by 
the DVOM instrumentation module 16. Each of the inter- 
faces is a standard interface 30 that can be replaced or 
upgraded. 

The VCI instrumentation module 14, as well as the 
DVOM instrumentation module 16, are implemented on 
respective plug-in I/O cards. The respective card for the 
VCI and DVOM instrumentation module 14 or 16 
resides on a main CPU motherboard 32 plugged into an 
expansion slot or connector. The VCI instrumentation 
module 14 and the DVOM instrumentation module 16 
are preferably controlled by respective dedicated micro- 
controllers. 



The card which comprises the VCI instrumentation 
module 14 has an isolated analog/digital input stage to 
isolate the vehicle communication interface of the main 
CPU motherboard 32 from the electrical system of the 
5 motor vehicle. The card which comprises the DVOM 
instrumentation module 16 has an isolated analog input 
stage to isolate the remainder of the DVOM instrumen- 
tation module from the motor vehicle electrical system. 
Each of the VCI and DVOM instrumentation mod- 
10 ules 1 4 and 1 6 also comprises a power supply 34. In the 
case of the VCI instrumentation module 14, the motor 
vehicle battery provides power through a VCI cable 36 
shown in Fig. 4. An internal rechargeable battery power 
source (not shown) is preferably included in the DVOM 
15 instrumentation module 16 to provide power for the 
power supply 34. The power supply 34 comprises a DC- 
to-DC converter which isolates the main CPU mother- 
board 32 from the motor vehicle power and ground con- 
nections. The VCI and DVOM instrumentation modules 
20 14 and 16 are provided with cooling vents (not shown) 
having filters (not shown) to the ambient surroundings 
to prevent overheating. Additionally, each of the VCI and 
DVOM instrumentation modules 14 and 16 comprises 
an RF LAN card 38. also available from PROXIM, 
25 installed in the expansion slot or connector on the main 
CPU motherboard 32 and an RF antenna 40. 

The card for the VCI instrumentation module 14 is 
generally custom to each application, so its configura- 
tion will not be described in detail. The card for the. 
30 DVOM instrumentation module 16 will now be described 
in more detail. 

As indicated earlier, the DVOM circuit preferably 
resides on the main CPU motherboard 32 of the DVOM 
instrumentation module 16. The DVOM circuit interfaces 
35 to a 486 microprocessor system of the main CPU moth- 
erboard 32 of the DVOM instrumentation module 16 via 
the expansion slot or connector. As shown in Fig. 5, 
connection to a motor vehicle is provided by a multi-con- 
ductor connector of approximately 15 pins which mate 
40 with a matching roving probe cable assembly 42. 

In one implementation, the card which comprises 
the DVOM instrumentation module 16 can be a Model 
HP Z1 062-60002 DVOM card, available from Hewlett- 
Packard Company. This DVOM card is an intelligent 
45 68HC16 microcontroller-based sub-system. Firmware 
for the DVOM measurement instrument is preferably 
stored in a flash EPROM. 

The card which comprises the DVOM instrumenta- 
tion module 16 preferably comprises a high-density 
so DB15 signal connector for analog probes. The DVOM 
card additionally comprises an electrically isolated 
serial port 

The DVOM circuit comprises one channel for data 
acquisition for a measurement. The DVOM circuit com- 
55 prises a fast analog-to-digrtal converter (ADC). The 
DVOM circuit provides an electrically isolated analog 
measurement interface having a high input impedance 
so that the data acquisition channel is electrically iso- 
lated from the remainder of the DVOM instrumentation 
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module 16. The DVOM circuit preferably has a 32-kbyte 
buffer. 

The DVOM circuit is preferably provided with over- 
voltage and overcurrent protection. For example, a fuse 
can be incorporated into the DVOM circuit. 

As indicated earlier, the DVOM comprises one 
measurement input channel. This channel comprises 
one measurement input and one return input. Inputs are 
accessible at one multi-contact input connector of 
approximately 15 pins. 

The measurement input channel can also be used 
for optional accessories, such as adapters/transducers, 
external shunts, attenuators, and other accessories. In 
this regard, transducer power is provided through the 
multi-contact connector. The voltages provided on the 
connector for powering transducers and accessories 
are preferably current-limited. 

The input impedance of the DVOM circuit for volt- 
age measurement functions is 10 Mohms resistive. This 
value was selected to minimize the DVOM load effect on 
the circuit under test. The input impedance for resist- 
ance measurements depends upon the selected meas- 
urement range. 

As indicated earlier, electrical isolation is provided 
for the DVOM circuit so that the measurement input 
channel is electrically isolated from the remainder of the 
DVOM instrumentation module 16. No significant meas- 
urable current will flow, except between the measure- 
ment and return connections of the measurement 
channel as determined by the input impedance. 

Also, as indicated earlier, the DVOM circuit com- 
prises overvoltage and overcurrent protection. Protec- 
tion is provided for the remainder of the DVOM 
instrumentation module 16, the motor vehicle, and the 
user from damage or harm due to application of volt- 
ages or currents beyond the maximum measurement 
ranges of the DVOM instrumentation module. When the 
DVOM circuit is measuring voltage, overvoltage protec- 
tion clamps internal voltages while dropping excess 
voltage across a large value series resistance which 
can be less than the described input resistance. Over- 
voltage protection during resistance measurement 
draws current through a fuse and/or other current limit- 
ing device and can require replacement of an accessi- 
ble fuse or other easily accessible component by the 
user. 

The DVOM instrumentation module 16 enables 
measurement of voltage, resistance, and current. The 
DVOM circuit also provides a diode test capability, as 
well as a cable ID resistor capability. 

Several hardware voltage and resistance ranges 
are provided within the overall voltage and resistance 
range of the DVOM instrumentation module 16 as 
required to meet accuracy and resolution specifications. 
Low level software functions permit application pro- 
grams to select either fixed ranges or automatic range 
selection. 

As indicated earlier, a user serviceable internal fuse 
can be provided as part of the overvoltage protection 



circuit during resistance measurement. Also, a user 
serviceable internal fuse can be provided as part of the 
overcurrent protection circuit during current measure- 
ment. 

5 As also indicated earlier, the DVOM firmware is 
preferably stored in flash memory. This provides 
firmware upgrade by flash reprogramming instead of 
physical read only memory (ROM) replacement. The 
DVOM firmware is interrupt driven and manages and 
10 performs all measurement functions. 

The power supply 34 can be DC powered by a fully 
isolated DC-to-DC converter. A battery backup pack 
(not shown) integrated with the power supply 34 sup- 
plies power to the power supply during powerfail condi- 
15 tions. An enclosure 44 of the VCI and DVOM 
instrumentation module 14 or 16 which houses the 
power supply 34 is vented to ambient air to prevent 
overheating. 

The power supply 34 will now be described in 
20 detail. The power supply 34 is an internal DC power 
supply that can be externally powered from the motor 
vehicle. 

The power supply 34 can comprise an isolated DC 
power input connector. The DC-to-DC converter of the 
25 power supply 34 can be fully isolated and can be con- 
nected directly across the motor vehicle battery termi- 
nals or plugged directly into a cigarette lighter 
receptacle. In this mode of operation, the VCI and 
DVOM instrumentation module isolations maintain the 
30 motor vehicle battery ground isolated from the ground of 
the main CPU motherboard 32. When connected to the 
motor vehicle, the power supply 34 uses DC power from 
the vehicle with an input voltage range of 7.5 volts DC to 
16 volts DC. 

35 If the motor vehicle power is lost or the VCI or 
DVOM instrumentation module 14 or 16 is disconnected 
from the vehicle, the power supply 34 operates from the 
backup battery pack for the power supply. The backup 
battery pack can be a standard rechargeable nicad 
40 backup battery pack. The rechargeable backup battery 
pack is integrated into the enclosure 44 of the VCI 
instrumentation module 14 and the DVOM instrumenta- 
tion module 16. 

A standard backup battery pack charging circuit 
45 (not shown) is also preferably incorporated into the 
enclosure 44 of the VCI instrumentation module 1 4 and 
the DVOM instrumentation module 16. The charging cir- 
cuit is preferably implemented on a small printed circuit 
board mounted to the enclosure 44. The charging circuit 
so only charges when the external DC input is at least 1 3.8 
volts DC (normal running voltage of a motor vehicle) or 
when connected to an AC power outlet The charging 
circuit preferably provides adaptive nicad charging and 
delivers a quick charge in less than two hours. 

The power supply 34 also preferably comprises a 
lithium battery pack. The lithium battery pack backs up 
the real-time system clock/calendar and configuration 
random access memory (RAM) on the main CPU moth- 
erboard 32. 
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The DVOM software provides the required interface 
between the 486 microprocessor system of the main 
CPU motherboard 32 and the DVOM microcontroller. 
This library can be compatible with MS-DOS, MS-Win- 
dows, and Windows NT. 

The system 10 is preferably configured to perform 
system self-test diagnostics that execute each time that 
the combined user interface and main control module 
12 is powered on. The diagnostics determine the status 
of the personal computer system, for example, the 486 
microprocessor, the RAM and ROM, the LCD controller 
and memory, and the IDE hard disc drive interface inte- 
grated into the combined user interface and main con- 
trol module 12. The system 10 executes each of the 
various seff tests until either a successful boot or an 
error occurs. If an error occurs, the user can review doc- 
umentation that is provided with the system 10 to deter- 
mine the appropriate action to resolve the error. If no 
error occurs, the system 10 boots into its normal operat- 
ing mode. 

In accordance with the embodiment of the invention 
shown in Fig. 1 , all connections between the system 10 
and a motor vehicle are between the vehicle and the 
VCI and DVOM instrumentation modules 14 and 16. 
Therefore, the connections between the combined user 
interface and main control module 12 and the motor 
vehicle are fully isolated. 

Fig. 6 illustrates an exemplary deployment of the 
system 10 shown in Fig. 1 . The user operates the com- 
bined user interface and main control module 1 2 to con- 
trol the system 10. The VCI instrumentation module 14 
shown in Figs. 1 . 3, and 4 is connected to the engine 
control module of a motor vehicle through a connector 
accessible through the passenger compartment of the 
vehicle. Ast shown in Fig. 6, the VCI instrumentation 
module 14 is on the front passenger seat of the motor 
vehicle. The DVOM instrumentation module 16 shown 
in Figs. 1 , 3. and 5 is connected to an electrical system 
or component of the motor vehicle through the roving 
probe cable assembly 42. As shown in Fig. 6, the DVOM 
instrumentation module 16 is in the engine compart- 
ment under the hood of the motor vehicle. The user 
interface and main control module 12 executes diagnos- 
tic application programs and commands the VCI instru- 
mentation module 14 to provide status information and 
exercise various systems of the motor vehicle and also 
commands the DVOM instrumentation module 16 to 
perform measurements and provide measurement 
data. The user interface and main control module 12 
also displays various information to the user. 

Fig. 7 shows a modified modular wireless diagnos- 
tic, test, and information system 10* similar to the sys- 
tem 10 shown in Fig. 1 . In Figs. 1 and 7, like reference 
numerals designate corresponding elements. There- 
fore, only the differences between the system 10 shown 
in Fig. 1 and the system 10* shown in Fig. 7 will be 
described. 

As shown in Fig. 7, the system 10* further com- 
prises an additional remotely operated instrumentation 



module consisting of an interface module 46 and an 
engine analyzer 48. Referring to Fig. 3, the interface 
module 46 comprises the main CPU motherboard 32, 
power supply 34, RF LAN card 38, and antenna 40 

5 common to the VCI instrumentation module 14 and the 
DVOM instrumentation module 16. The interface mod- 
ule 46 also comprises an interface, such as an RS-232 
serial interface, IEEE 488 instrument interface, or other 
interface for connection to the engine analyzer 48. The 

to engine analyzer 48 comprises a conventional commer- 
cially available tool commonly used in a motor vehicle 
service bay. The interface module 46 enables the 
engine analyzer 48 to be incorporated into the system 
10* for remote operation by the combined user interface 

is and main control module 12 and to provide data to the 
combined user interface and main control module by 
wireless communication. 

Fig. 8 shows the modular wireless diagnostic, test, 
and information system 10 or 10* shown in Fig. 1 or 7, 

20 respectively, further comprising a wireless-to-wired LAN 
access system 50. In Figs. 1, 7, and 8, like reference 
numerals designate corresponding elements. The wire- 
less-to-wired LAN access system 50 comprises a 
standard commercially available product that connects 

25 the system 10 or 10' to a wired LAN. For example, the 
wireless-to-wired LAN access system 50 can connect 
the system 10 or 10' to a local dealership LAN. 

Another embodiment of the modular wireless diag- 
nostic, test, and information system in accordance with 

30 the invention, generally indicated by the numeral 10", 
comprises means in the form of at least one separate 
user interface module 52 in wireless communication 
with a separate main control module 54, as shown in 
Fig. 9. In Figs. 1, 7, and 9, like reference numerals des- 

35 ignate corresponding elements. Therefore, only the dif- 
ferences between the systems 10 and 10' shown in 
Figs. 1 and 7 and the system 10" shown in Fig. 9 will be 
described. 

The system 10" comprises at least one separate 

40 user interface module 52, the separate remotely oper- 
ated main control module 54, and at least one remotely 
operated instrumentation module, for example, the VCI 
instrumentation module 14, DVOM instrumentation 
module 1 6, and interface module 46 connected by wire- 

45 less communication in accordance with the invention. 
The system 10" is a multi-box platform configuration 
comprising the separate user interface module(s) 52 
operated remotely from a main control module 54 and 
further comprising the remotely operated VCI and 

so DVOM instrumentation modules 14 and 16 and inter- 
face module(s) 46. That is. the system 10" has the sep- 
arate user interface module(s) 52 and the separate 
main control module 54. instead of the combined user 
interface and main control module 12 of the system 10 

55 shown in Fig. 1 and the system 10' shown in Fig. 7, as 
well as the VCI and DVOM instrumentation modules 14 
and 16 and interface module(s) 46. 

As shown in Figs. 9 and 1 0, the user interface mod- 
ule 52 integrates a screen 56. which is preferably an 
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LCD panel, and a user input digitizer 58, such as a 
touchscreen input interface, in a lightweight enclosure 
60. The main control module 54 integrates a standard 
486 microprocessor system, a hard disc drive and other 
optional mass storage devices, and optional PCMCIA 
slots in an enclosure 62. Advantageously, the main con- 
trol module 54 can be a conventional personal compu- 
ter system equipped with wireless communication 
components. 

The user interface module 52 is the handheld user 
interface portion of the system 10". The user interface 
module 52 is connected to the separate main control 
module 54 over a wireless communication link Ease of 
use is enhanced by the separated user interface module 
52 having an integrated touchscreen user input digitizer 
interface. As shown in Fig. 9, the user interface module 
52 also communicates with the VCI and DVOM instru- 
mentation modules 14 and 16 and the interface mod- 
ules 46 by wireless communication. All cable 
connections to the VCI instrumentation module(s) 14, 
the DVOM instrumentation module(s) 16, and the inter- 
face module(s) 46 are between the instrumentation 
modules and the motor vehicle. This frees the user from 
dealing with the motor vehicle cable connections on a 
conventional handheld tester. 

The user interface module 52 comprises a micro- 
processor 63, the screen 56, the user input digitizer 58 
along with associated support circuitry, an audio trans- 
ducer 64, a PCMCIA RF LAN card 66, and an RF 
antenna 68. The user interface module 52 is preferably 
implemented as follows. 

The screen 56 of the user interface module 52 pref- 
erably comprises a standard backlighted LCD panel. In 
one implementation, the screen 56 can be a passive 
monochrome 9.6-inch LCD panel, such as a model 
DMF50260NF-FW5, available from Optrex. This LCD 
panel has VGA-compatible resolution of 640x480 pixels. 
The display area is approximately 13 cm wide by 17 cm 
long. The LCD panel has a typical response time of 290 
ms. The screen 56 is preferably edge lit with CCFT 
backlighting and has typical brightness of 90 nits, which 
is brighter than the screen of a typical laptop personal 
computer. The display modes include graphic, as well 
as text modes. For example, the screen 56 can emulate 
an oscilloscope display to display waveforms. 

As shown in Fig. 9, the user interface module(s) 52 
comprises contrast control 70. The contrast control 70 
for the screen 56 comprises membrane switches that 
form a keypad. The membrane switches provide a lim- 
ited number of keys for LCD panel contrast control. For 
example, the keys preferably comprise two keys, 
namely, "CONTRAST UP" and "CONTRAST DOWN." 

The user interface module 52 also comprises the 
user input digitizer 58 which preferably includes a touch- 
screen input interface in the form of a standard finger 
touchscreen integrated with the screen 56. The technol- 
ogy used to implement the touchscreen interface is 
preferably a resistive touch system in which a transpar- 
ent sheet contains a matrix of resistive touch input 



switches. The user compresses a touch switch point to 
cause a touch press input. 

In one implementation, the user input digitizer 58 is 
a transparent, continuous analog. X-Y resistive touch- 
5 screen constructed using five-wire resistive technology. 
Approximately 65-75% of the light emitted by the screen 
56 is transmitted through the touchscreen input inter- 
face. 

In addition to the visual display provided by the 
10 screen 56, the user interface module 52 preferably com- 
prises the audio transducer 64, such as a speaker. The 
operation of the speaker can be limited to touch clicks 
and error beeps that are originated by the system BIOS. 
For example, the speaker can be used for such pur- 
rs poses as key press error, parameter out of range, and 
other prompts, such as low battery. The programming 
techniques used to activate the speaker are PC-com- 
patible. 

The user interface module 52 also comprises a 
20 power supply 72 having power indicators and a backup 
battery pack 74. In one implementation, the user inter- 
face module 52 comprises a green "POWER ON" indi- 
cator (not shown). This indicator is incorporated into a 
power on/off switch (not shown) located on the user 
25 interface module 52. The power on/off switch is prefera- 
bly a single-pole, single-throw rocker or toggle switch. 
Preferably, the power on/off switch is illuminated brightly 
if the power supply 72 is connected to a motor vehicle 
battery and less brightly if the power supply is being 
30 powered by the backup battery pack 74. Alternatively, a 
green light can be provided to indicate that the power 
supply 72 is being externally powered and the backup 
battery pack 74 is being recharged and an orange light 
when power is being supplied by the backup battery 
35 pack. 

The main control module 54 can comprise a per- 
sonal computer (PC) processor unit 76. The processor 
unit 76 includes a PC motherboard 78 connected to a 
power supply 80. The power supply 80 can be con- 
40 nected to an AC power outlet (not shown) or to an unin- 
terruptable AC power source (not shown) connected to 
the power supply to supply needed power for short-term 
operation of the system 10" in case the external power 
to the processor unit 76 is interrupted or disconnected. 
45 The uninterruptable power source for the processor unit 
76 is autoranging, 90 to 260 volts AC, 50 or 60 Hz input. 
The output to power the main control module 54 is 1 6 
volts DC at 4.5 amperes. The power supply 80 also 
comprises a cooling fan 81 for preventing overheating of 
so the processor unit 76. 

The processor unit 76 further comprises a hard disc 
drive 82. The hard disc drive 82 is provided to store the 
operating system and application programs executed by 
a microprocessor resident on the PC motherboard 78. 
55 as well as information for display to the user. Addition- 
ally, the processor unit 76 can comprise a floppy disc 
drive 84 or a CD-ROM drive 86. The floppy disc drive 84 
or CD-ROM drive 86 is preferably incorporated to pro- 
vide mass volumes of information for access by the 
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user. Additionally, the user interface module 52 and the 
main control module 54 each further comprise a user 
interface device driver (UIDD) 87A and 87B, respec- 
tively, to capture the user interface information from the 
user interface module and transmit that information to 
the main control module and return display and speaker 
information from the main control module to the user 
interface module. 

The processor unit 76 also comprises a backplane 
88 connected to the PC motherboard 78. The back- 
plane 88 provides standard expansion slots, that will be 
described in more detail later. 

The main control module 54 is connected by wire- 
less communication to the user interface module(s) 52, 
as well as to the VCI and/or DVOM instrumentation 
module(s) 14 and/or 16 and/or interface module(s) 46. 
In one implementation of the system 10", the processor 
unit 76 comprises a standard RF LAN card 90, also 
available from PROXIM, installed in one of the PCMCIA 
ports of the processor unit and an RF antenna 92. The 
processor unit 76 can also comprise a standard LAN 
card (not shown) connected to a wired dealership LAN. 

In an exemplary implementation of the system 10" 
for motor vehicle maintenance and repair, the processor 
unit 76 is a personal computer, AT compatible diagnos- 
tic tool. The processor unit 76 comprises standard PC- 
AT expansion slots for various cards, as well as to pro- 
vide internal future expandability. The processor unit 76 
can be implemented as follows. 

The PC motherboard 78 can be a standard, PC-AT 
compatible printed circuit assembly in the 2/3 Baby AT 
form factor with integrated input/output (I/O). I/O ports 
on the PC motherboard 78 include Integrated Drive 
Electronic (IDE) hard disc, floppy disc, serial, and paral- 
lel. There is a four- or six-slot backplane 88 in the form 
of a board plugged vertically into the PC motherboard 
78. This means that the I/O cards are mounted horizon- 
tally, that is, parallel to the PC motherboard 78. The 
slots on the backplane 88 are used for an optional 
floppy disc drive, an optional enhanced IDE CD-ROM 
drive, and a PCMCIA adapter. This leaves zero, one, 
two, or three slots open for expansion, depending upon 
the configuration. The serial and parallel port connec- 
tors are panel mounted. The PCMCIA slots are imple- 
mented by a controller card with the PCMCIA sockets 
extending from this card to the outside of the enclosure 
62 of the processor unit 54. 

Considered in more detail, the PC motherboard 78 
of the processor unit 76 is the main system board and 
comprises a personal computer compatible mother- 
board that forms the central core of the system 1 0". The 
PC motherboard 78 provides PC-AT compatible func- 
tionality on a single printed circuit board. 

The PC motherboard 78 can comprise an Intel 
8086 architecture microprocessor, such as a 486 or 
Pentium device. For example, the microprocessor can 
be an SL-Enhanced 486SX which runs at a clock rate of 
25 MHz, available from Intel Corporation. The SL- 
Enhanced 486SX microprocessor is a 32-bit internal 



device, with a 32-bit external address bus and a 32-bit 
external data bus. This microprocessor integrates eight 
kbyte of internal cache memory onto the chip to improve 
performance. The microprocessor is socketed in a PGA 

5 package and can be upgraded to any five-volt 486SX, 
SX2, DX, or DX2 microprocessor. For example, the 
microprocessor is upgradable to 66 MHz 486DX2. The 
PC motherboard 78 also comprises a Basic Input Out- 
put System (BIOS) EPROM. 

w The PC motherboard 78 also comprises on-board 
RAM. For example, the PC motherboard 78 can com- 
prise four Mbyte of dynamic RAM (DRAM) extendable 
to 16 Mbyte. Preferably, the four Mbyte of DRAM is 
expandable with 72-pin SIMMS (x36) to 16 Mbyte. 

is As indicated earlier, the PC motherboard 78 also 
comprises integrated I/O ports. The I/O ports include an 
IDE hard disc interface, a floppy disc interface, a serial 
interface, and a parallel interface, as well as an external 
keyboard port. The PC motherboard 78 also comprises 

20 four or six standard I/O expansion slots used for an 
optional floppy disc card, an optional enhanced IDE CD- 
ROM card, a PCMCIA controller card, and one I/O slot 
is VEAS VL-Bus capable. 

The basic configurations of the processor unit 76 

25 can be as follows. All configurations of the system 10" 
include a mass storage device which is preferably the 
hard disc drive 82. For example, the mass storage 
device can be an IDE hard disc drive with a 120-Mbyte 
capacity. This 2.5-inch form factor hard disc drive is con- 

30 tained inside the enclosure 62 of the main control mod- 
ule 54. The hard disc drive 82 can be upgraded to the 
IDE limit of 540 Mbyte. 

In one configuration, the processor unit 76 com- . 
prises no floppy disc drive or CD-ROM drive. In the con- 

35 figuration in which there is no floppy disc or CD-ROM 
drive, the riser of the backplane 88 has four slots with 
two open slots. The hard disc drive 82 is included in the 
configuration. The processor unit 76 also includes 
PCMCIA slots implemented on a PCMCIA controller 

40 card. 

In another configuration, the processor unit 76 com- 
prises the floppy disc drive 84 as another mass storage 
device. In the floppy disc drive configuration in which 
there is a floppy disc drive, the riser card of the back- 

45 plane 88 has six slots with three open slots. The floppy 
disc drive 84 is preferably a standard 3.5 inches by one 
inch tall with a 1 .44-Mbyte capacity and occupies the 
space from the sixth I/O card. The floppy disc drive 84 is 
connected to the floppy disc controller on the PC moth- 

50 erboard 78. The hard disc drive 84 is also included in 
the configuration. The processor unit 76 includes PCM- 
CIA slots implemented on the PCMCIA controller card. 

In yet another basic configuration, the processor 
unit 76 can comprise the CD-ROM drive 86 as an addi- 

55 tional mass storage device. In the CD-ROM drive con- 
figuration, the riser card of the backplane 88 has six 
slots with three open slots. The CD-ROM drive is 5.25 
inches by one inch tall and preferably comprises a 
standard enhanced IDE interface. The CD-ROM drive 
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86 is connected to an enhanced IDE interface plugged 
into one of the expansion slots. The CD-ROM drive 86 
is low profile, caddyless, and has a 2X transfer rate. 
Both drives occupy the space from the sixth I/O card. 
The enhanced IDE controller card occupies one of the 
I/O slots. The hard disc drive 82 is included in the con- 
figuration. The processor unit 76 includes PCMCIA slots 
implemented on the PCMCIA controller card. 

As indicated earlier, the processor unit 76 accom- 
modates an optional PCMCIA interface. The PCMCIA 
interface is a PCMCIA controller card that plugs into one 
of the expansion slots on the backplane 88. The PCM- 
CIA slots are preferably provided with a cover. Sockets 
for the PCMCIA cards are mounted on the PCMCIA 
controller card. The PCMCIA cards are inserted into the 
PCMCIA sockets on the PCMCIA controller card 
through the I/O card mounting bracket. The PCMCIA 
controller card accepts two type l/ll or one type Ml 68-pin 
PCMCIA cards. The PCMCIA interface is not isolated. 

The externa! interfaces are preferably implemented 
as follows. The PC motherboard 78 comprises a stand- 
ard external Centronics 8-bit bi-directional interface. 
The processor unit 76 comprises an external Centronics 
parallel port which includes a Centronics parallel con- 
nector, that is, a DB25 connector, mounted to a panel 
incorporated into the enclosure 62 of the main control 
module 54 and cabled to the integrated I/O of the PC 
motherboard 78. The Centronics port can be used to 
connect the processor unit 76 to peripherals, such as a 
parallel printer. The Centronics parallel interface is not 
isolated. 

In addition, the PC motherboard 78 also preferably 
comprises a standard external RS-232 serial interface. 
The processor unit 76 comprises an external RS-232 
serial port which includes an RS-232 serial connector, 
namely, a DB9 connector, mounted to the panel incor- 
porated into the enclosure 62 of the main control mod- 
ule 54 and cabled to the integrated I/O of the PC 
motherboard 78. The RS-232 serial port can be used to 
allow host communication with a peripheral, such as a 
serial printer. The RS-232 serial interface is not iso- 
lated. 

Furthermore, the PC motherboard 78 also prefera- 
bly comprises a standard external keyboard interface to 
connect an external standard keyboard (not shown) to 
the system 10". The processor unit 76 comprises an 
external keyboard port which includes a keyboard con- 
nector, namely, a 6-pin mini DIN connector, mounted to 
the PC motherboard 78 to enable connection of a stand- 
ard keyboard. The external keyboard interface is not 
isolated. 

The software for the system 10" is preferably a Win- 
dows For Workgroup (WFWG) operating environment. 
The WFWG is installed in both the user interface mod- 
ule 52 and the processor unit 76 of the main control 
module 54. 

The mechanical configuration of the system 10" will 
now be described in detail. This mechanical configura- 
tion employs advanced ergonomics/industrial design 



technology. 

As inc ited earlier, the system 10" comprises the 
separate i>- interface module(s) 52 and the separate 
main contr:~ nodule 54, as shown in Fig. 9. The enclo- 

5 sure 60 ot *ne user interface module 52 is preferably 
painted and molded in black or black grey to camouflage 
dirty and greasy fingerprints, since the user interface 
module is intended for use in a motor vehicle service 
bay. The enclosure 62 of the main control module 54 

w can be a standard mini-tower or tower case, since the 
main control module can be located in an office area 
rather than the motor vehicle service bay. 

The enclosure 60 of the user interface module 52 
houses the screen 56, user input digitizer 58, blacWight 

75 inverter, and interconnect wiring. The enclosure 60 is 
preferably constructed from thermoplastic, such as mild 
plastic which is durable, shock resistant, and chemical 
resistant. Elastomeric bumpers 94 can be provided at 
strategic locations on the enclosure 60 of the user inter- 

20 face module 52 to absorb shock from accidental drops. 
One implementation of the user interface module 
52 had the following mechanical specifications. The 
thickness of the user interface module 52 was 26 mm 
(1 .03 inches). The user interface module 52 had a width 

25 of 281 mm (1 1 .06 inches). The length of the user inter- 
face module 52 was 263 mm (10.35 inches). The 
approximate weight of the implementation of the user 
interface module was 2.0 pounds. 

The enclosure 62 of the main control module 54 

30 houses the PC motherboard 78, power supply 80, hard 
disc drive 82, floppy disc drive 84 or CD-ROM drive 86, 
spare 2/3 size AT slots, backplane 88, and internal 
brackets to secure the components. Importantly, I/O 
connectors are located on the main control module 54 

35 to free the user from cables connected to peripheral 
devices. All connectors are standard connectors. The 
connectors are preferably provided with connector cov- 
ers. 

The enclosure 62 of the main control module 54 
40 preferably consists of sheet metal parts that form a pro- 
tective environment for the main electronics. Covers on 
the main control module 54 can be easily removed for 
service. 

Preferably, cooling is provided for the user interface 
45 module 52 and the main control module 54. The enclo- 
sure 60 of the user interface module 52 is provided with 
cooling vents (not shown) having filters (not shown) to 
the ambient surroundings. The enclosure 62 of the main 
control module 54 includes an opening (not shown). 
so The cooling fan 81 of the power supply 80 is mounted 
adjacent to the opening in the enclosure 62 to draw 
cooling air into the enclosure of the processor unit 76. 
Air is exhausted from the enclosure 62 through vents 
(not shown) to the ambient surroundings. 
55 in operation, as information targeted for the user 
interface module 52 is received by the processor unit 76 
hardware (a display controller with no real output), the 
UIDD 87B of the processor unit captures and transmits 
this information over the RF LAN to the user interface 
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module 52, resulting in update of the screen 56 and 
speaker sound. The touch inputs generated by the user 
on the user input digitizer 58 of the user interface mod- 
ule 52 are captured by the UIDD 87A of the user inter- 
face module and transmitted over the RF LAN to the 
processor unit 76 to access information and control the 
functions of the processor unit. 

The user interface module 52 is lightweight, hand- 
held or armheld. Consequently, the user can easily 
maneuver the user interface module 52 around a motor 
vehicle. Also, the user can set the user interface module 
52 on a work surface in a motor vehicle service bay or 
on the seat of a motor vehicle during a road test and 
interact with the user interface module with one hand, 
as desirable for a touchscreen- or stylus-operated com- 
puter. Any selected diagnostic application program can 
be downloaded from the main control module 54 to the 
user interface module 52 before a road test is com- 
menced. Additionally, the user interface module 52 pref- 
erably comprises a tilt stand or hanger 96 selectively 
secured to the user interface module, for example, by 
means of a Velcro connection, so that the user interface 
module can be set on or hung from the hood or other 
features of a motor vehicle, as shown in Fig. 1 1 . 

In a contemplated modification of the system 10" 
shown in Fig. 12, a modified user interface module 52' 
can comprise a pair of glasses 98 and a head piece 1 00 
that a user would wear, with a built-in screen 102 and 
microphone 104 connected to the on-board microproc- 
essor 63 of the user interface module preferably 
attached to the dothing of the user or strapped to the 
user. The glasses 98 provide normal viewing like an 
ordinary pair of glasses, as well as have the built-in 
screen 102. This version of the user interface module 
52' would free both hands of the user, since information 
would be viewed through the glasses 98 and the system 
10" would be commanded by the user via voice com- 
mands detected by the microphone 104. The modified 
user interface module 52' could also be equipped with a 
small handheld pointing device (a mouse emulator) (not 
shown) to provide an interactive user interface module 
and a speaker (not shown) for audible feedback. 

The systems 10, 10*, and 10" are provided with var- 
ious cables and adapters. Preferably these cables and 
adapters for the systems 10, 10', and 10" include the 
VCI cable 36, the DVOM roving probe cable assembly 
42, and a battery power cable (not shown). Preferably, 
these cables are configured to operate in the harsh 
motor vehicle service bay environment. Each cable and 
adapter will now be briefly described. 

The VCI cable 36 shown in Fig. 4 connects the VCI 
instrumentation module 14 to the motor vehicle diag- 
nostic connector. The VCI cable 36 is approximately 2.5 
meters bng and has 20 conductors that are 24 AWG. 
The VCI cable 36 has an overall braided shield with 
85% coverage. The outer jacket is preferably a black 
PVC. Each end of the VCI cable 36 is provided with 
molded strain relief, which is also constructed from 
PVC. At one end of the VCI cable 36, a standard DB9 



connector with thumb locking screws is attached. A user 
specific diagnostic connector is connected to the other 
end. Both ends of the VCI cable 36 are preferably over- 
molded in PVC. 
5 The DVOM roving probe cable assembly 42 shown 

in Fig. 5 connects the DVOM instrumentation module 16 
to a desired point of measurement. The DVOM roving 
probe cable assembly 42 is shielded and is constructed 
from chemically resistant materials. The DVOM roving 
10 probe cable assembly 42 is approximately three meters 
long. The DVOM roving probe cable assembly 42 has a 
standard DB-15 connector at one end for connection to 
the DVOM instrumentation module 16 and probes 
attached at the other end for connection to various test 
15 points on a motor vehicle. 

The battery power cable (not shown) connects the 
power supply 34 of the DVOM instrumentation module 
16 to the battery of a motor vehicle. The battery power 
cable is approximately three meters long. The battery 
20 power cable has standard red and black battery clamps 
at one end. The other end of the battery power cable 
connects to a power jack provided with black PVC 
molded strain relief. 

Finally, an optional cigarette lighter cable (not 
25 shown) can be provided to connect the combined user 
interface and main control module 12 or the power sup- 
ply 72 of the separate user interface module 52 to the 
motor vehicle cigarette lighter receptacle. The cigarette 
lighter cable is approximately three meters long. The 
30 cigarette lighter cable has a power jack connector at 
one end to connect to the combined user interface and 
main control module 12 or the power supply 72 of the 
separate user interface module 52 and a standard ciga- 
rette lighter adapter at the other end. 
35 The systems 10, 10', and 10" meet all requirements 
for electromagnetic interference, product safety, hazard- 
ous classification, and environmental testing. The sys- 
tems 10, 10\ and 10" conform to international 
requirements for safety of construction and electrical 
40 design, electromagnetic interference, electromagnetic 
susceptibility, acoustic noise, environmental specifica- 
tions, and ergonomics. These requirements include 
suitability for use in a Class I hazardous environment, 
since the systems 10 and 10' and the separate user 
45 interface and VCI and DVOM instrumentation modules 
52, 14, and 16 and the interface module 46 of the sys- 
tem 10" can be used in a motor vehicle service bay envi- 
ronment. The systems 1 0, 1 0\ and 1 0" also comply with 
international requirements for electromagnetic emis- 
so sions and immunity performance, such as FCC Level A 
and EN55022 1988 (CISPR22) Class 1 requirements. 
Since the enclosure 60 of the user interface module 52 
consists of thermoplastic, supplemental treatment of the 
interior surface of the enclosure to provide shielding is 
55 included in order to comply with the requirements. Since 
the enclosure 62 of the main control module 54 is con- 
structed from metallic materials, due to the conductive 
properties of these materials, supplemental treatment is 
not typically necessary. Gaskets can be provided if com- 
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pliance testing proves that they are needed. 

A particularly advantageous application of the sys- 
tems 10, 10' and 10" is motor vehicle maintenance and 
repair, as more particularly shown in Figs. 6 and 1 1 . 
information presentation is Key, as well as diagnostics. 
The mass storage device(s) integrated into the com- 
bined user interface and main control module 12 or the 
main control module 54 store information. These mass 
storage devices provide a technical database com- 
prised of stored information records comprising a struc- 
tured electronic library with hypertext links. 
Consequently, there is migration capability between 
related records to provide selective access to particular 
portions of information within the database. Moreover, 
there is also access to measurement data acquired by 
the measurement instrumentation, such as DVOM 
measurement data. 

Wireless communication eliminates costly cables 
and improves ergonomic design. Since the systems 10, 
10\ and 10" are divided into modules, the systems have 
an excellent ergonomic design due to the smaller and 
lighter units, provide increased ease of use, and result 
in a more rugged product. Also, a complete system 10, 
10', or 10" could consist of one or more instrumentation 
modules 14, 16, and 46. Moreover, a plurality of DVOM 
instrumentation modules 16 and interface modules 46 
having instruments can be used with a single VCI instru- 
mentation module 14 and user interface module 12, 52, 
or 52' to conduct more sophisticated diagnostics with 
multiple measurement channels. This provides a more 
functionally flexible product and a more scalable prod- 
uct from a cost standpoint. 

All instrumentation modules 14, 16. and 46 have an 
identical wireless communication and processor plat- 
form. This reduces the overall cost of each module, 
resulting in a lower overall system cost. Power and 
ground isolation issues associated with connecting to a 
motor vehicle are substantially eliminated. 

The system 10" separates the main processor unit 
from the portable and size-sensitive elements of the 
system. This provides for ease of upgrade and ability to 
leverage off-the-shelf components. 

The systems 10, 10', and 10" facilitate customer 
service of a motor vehicle. The systems 10, 10', and 1 0" 
provide various advantages, such as reduced service 
time, improved fault identification, and better parts utili- 
zation. The systems 10, 10', and 10" enable reduced 
overall warranty costs. 

The systems 10, 10', and 10" also permit motor 
vehicle manufacturers access to information directly 
from dealers and customers. The systems 10, 10*. and 
10" provide an opportunity to collect service feedback 
and marketing information. Service trends can be 
detected early, so design changes can be made quickly 
to minimize cost impact to the motor vehicle manufac- 
turer. Marketing information can be collected to obtain 
customer profiles and demographics or to determine 
when the customer might be ready to purchase a new 
motor vehicle. 



rt will be understood that the embodiments of the 
present invention described above are susceptible to 
various modifications, changes, and adaptations. For 
example, the combined user interface and main control 

5 module 12 shown in Fig. 1 can alternatively comprise a 
touchscreen interlace to emulate the pen-based user 
input digitizer 20. The instrumentation modules 14, 16, 
and 46 can additionally comprise visual and/or audible 
indicators to indicate operational status. Since the VCI 

to instrumentation module 14 is connected to the remain- 
der of the system 10, 10', or 10" by the RF LAN and is 
therefore electrically isolated, the power supply 34 for 
the VCI instrumentation module is not required to be an 
isolated power supply. Although the system 10' incorpo- 

75 rates the engine analyzer 48, the interface module 46 
can be configured to connect any desired device to the 
RF LAN of the system 10\ For example, the interface 
module 46 provides future expandability, such as incor- 
poration of a CANA/AN interlace. Additionally, in one 

20 contemplated modification, the system 10" has the 
option of including an active matrix, 9.6-inch color LCD 
panel as the screen 56. However, the resulting user 
interlace module 52 would be thicker. Furthermore, the 
user input digitizer 58 of the separate user interface 

25 module 52 can be a pen-based magnetic or resistive 
grid instead of a touchscreen interlace. Also, the PC 
motherboard 78 can further comprise a standard exter- 
nal VGA interlace to connect an external display (not 
shown) to the system 10". Although the various embod- 

30 iments of the system in accordance with the invention 
are particularly advantageous for motor vehicle service, 
the system may also be applicable to non-motor-vehicle 
environments. It is also contemplated that the system in 
accordance with the invention can be generalized to 

35 access information necessary to assist other service 
providers (such as equipment operators, doctors, and 
others) in providing services. All is intended to be com- 
prehended within the meaning and range of equivalents 
of the appended claims. 

40 

Claims 

1. A system (10, 10\ 10") to provide information to 
maintain or repair equipment or provide services, 
45 comprising: 

means (12; 52, 54) for providing access to a 
technical database comprised of stored infor- 
mation records, with migration capability 

so between related records, and further to provide 

selective access to particular portions of infor- 
mation within the database, the means (12; 52, 
54) comprising a screen (18; 56) to display the 
information, a user interface (20; 58) respon- 

55 sive to operation by a user to provide com- 

mands, a processor (12; 63) responsive to 
commands entered through the user interface 
(20; 58) to access the information, and means 
(26, 28; 66, 68) for wireless communication; 
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3. 



and 

at least one remotely operated instrumentation 
module (14, 16, 46) comprising means (38. 40) 
for wireless communication with the means 
(12; 52, 54) for providing access to the techni- 
cal database, the instrumentation module (14, 
16, 46) being responsive to commands entered 
through the user interface (20; 58). 

The system (10, 10') of claim 1 wherein the means 
for providing access to the technical database com- 
prises a combined user interface and main control 
module (12). 

The system (10") of claim 1 wherein the means for 
providing access to the technical database com- 
prises a separate user interface module (52) and a 
separate main control module (54), the separate 
user interface module (52) and the separate main 
control module (54) each comprising means (66, 
68; 90, 92) for wireless communication to communi- 
cate over a wireless communication link. 



10 
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20 



hanger selectively secured to the user interface 
module for temporarily mounting the user interface 
module (52) to an external structure. 

13. The system (10, 10\ 10") of any of claims 1 through 
12 wherein the system (10, 10', 10") is a motor vehi- 
cle maintenance and repair system. 

14. The system (10, 10*) of claim 2, 4, 7, 8, 9, 10, or 13 
wherein the combined user interface and main con- 
trol module (12) is configured to facilitate use of the 
system (10, 10*) in a service bay as well as during a 
road test of a motor vehicle. 



7. 



9. 



The system (10, 10*) of claim 2 wherein the com- 
bined user interface and main control module (12) 
further comprises an audio transducer. 

The system (10") of daim 3 wherein the user inter- 
face module (52) further comprises an audio trans- 
ducer (64). 

The system (10") of claim 3 wherein the main con- 
trol module (54) comprises a plurality of mass stor- 
age devices (82, 84, 86). 

The system (10, 10', 10") of any of claims 1 through 
6 wherein the instrumentation module comprises a 
vehicle communication interface instrumentation 
module (14). 

The system (10, 10', 10") of any of claims 1 through 
6 wherein the instrumentation module comprises a 
digital volt-ohm meter instrumentation module (16). 

The system (10, 10', 10") of any of claims 1 through 
6 wherein the instrumentation module comprises 
an interface module (46). 
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10. The system of claim 9, further comprising an 
engine analyzer (48) connected to the interface 
module (46). 

11. The system (10") of claim 3. further comprising 
elastomeric bumpers (94) on the user interface 
module (52). 

12. The system (10") of claim 3 wherein the user inter- 
face module (94) comprises means (96) selected 
from among the group consisting of a tilt stand and 
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(54) Modular wireless diagnostic, test, and information system 

(57) A computer-based apparatus provides access 
to complex technical information needed, for example, 
to maintain and repair complicated equipment, such as 
a motor vehicle. The apparatus includes a combined 
user interface and main control module (12) to commu- 
nicate with at least one remotely operated instrumenta- 
tion module (14. 16) to control and obtain data by 
wireless communication. The combined user interface 
and main control module (12) has an interactive display 
(18) which enables the user to command the functions 
of the remotely deployed instrumentation module(s) and 
enter data through interaction with the display (18), as 
well as executes diagnostic application programs and 
displays information to the user. Alternatively, a sepa- 
rate user interface module (52) and main control mod- 
ule (54) connected by wireless communication can be 
provided, in which the user interface module not only 
commands the functions of the instrumentation mod- 
ule(s) (14, 16), but also commands remote execution of 
diagnostic application programs by the main control 
module (12). 
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